Photoinitiated thiol-ene addition reaction is a highly stereo-and regioselective, and environmentally friendly reaction proceeding in mild conditions, hence is ideally suited for the synthesis of carbohydrate mimetics. A comprehensive study on UVlight induced reactions of 2,3-unsaturated O-, C-, S-and N-glycosides with various thiols was performed. The effect of experimental parameters and structural variations of the alkenes and thiols on the efficacy and regio-and stereoselectivity of the reactions was systematically studied and optimized. The type of anomeric heteroatom was found to profoundly affect the reactivity of 2,3unsaturated sugars in the thiol-ene couplings. Hydrothiolation of 2,3-dideoxy O-glycosyl enosides efficiently produced the axially C2-S-substituted addition products with high to complete regioselectivity. Moderate efficacy and varying regio-and stereoselectivity were observed with 2,3-unsaturated N-glycosides and no addition occurred onto the endocyclic double bond of C-glycosides. Upon hydrothiolation of 2,3-unsaturated S-glycosides, the addition of thiyl radicals was followed by elimination of the thiyl aglycone resulting in 3-S-substituted glycals.
Introduction
Carbohydrates, in the form of oligosaccharides, polysaccharides and glycoconjugates, play a crucial role in cell surface binding events, protein stability and immunology, and represent a highly important class of biomolecules. 1 In spite of their central role in biology, carbohydrates remain less exploited compared to proteins and nucleic acids, and are only rarely considered for drug discovery. A major problem with the application of oligosaccharides as biological probes or drug candidates is the sensitivity of the glycosidic bond to enzymatic hydrolysis. 2 Stable mimetics have been designed to tackle this problem and the replacement of the interglycosidic oxygen by a sulfur atom to form S-glycosides is one common tactic to generate stable analogs of native oligosaccharides and glycoconjugates. [3] [4] [5] 
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For internal use, please do not delete. Submitted_Manuscript to -40 °C. We observed that the overall yield decreased slightly to 69%, however, the regioselectivity increased to 6.7:1 in favor of the 2-thiolated product 33. Further cooling the reaction to -80 °C in toluene the ratio of 33:34 reached 7.3:1 with 73% combined yield.
The regioselectivity of the thiol-ene reactions can be explained by the enhanced stability of the intermediate carbon-centered radical upon addition of the thiyl radical to the less substituted olefinic carbon atom. 29, 30 Although the C2 and C3 carbons are equally substituted in enosides 3 and 5-8 studied above, the addition reactions proceed preferably or exclusively through the C3 centered radical intermediate due to its higher stability. The spatial arrangement of the C4 substituent proved to have a crucial effect on the regio-and stereochemical outcome of the reactions. In the D-erythro cases, as it is shown in Figure 2 Importantly, the addition proceeded with complete stereoselectivity at both the C2 and C3 positions providing solely the axially linked 2-thio-D-lyxo (31 and 33) and the axially linked 3-thio-D-xylo (32 and 34) disaccharides, which is in line with the literature results. It was demonstrated in the case of substituted cyclohexenes, 30, 31 as well as 1-and 2-substituted glycals 9-13 that the addition occurs preferentially in an anti fashion as the result of a kinetically favored axial attack of the thiyl radical onto the cyclic alkene in its half-chair conformation together with a stereoselective hydrogen abstraction from the thiol into an axial position.
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The proposed mechanism of this rearrangement is shown on Scheme 7. After addition of the thiyl radical, the formed 1,3-dithio C2centered radical II rapidly decomposes either by homolytic cleavage of the C1-SR 1 bond to give the starting enoside and thiyl radical or by homolytic cleavage of the C3-SR 2 bond resulting in glycal III and the aglycone-derived thiyl radical (R 1 S radical). Addition of the latter R 1 S radical onto enoside I leads to glycal V via intramolecular decomposition of the 1,3-dithio C2-centered radical intermediate 
For internal use, please do not delete. Submitted_Manuscript however, lower conversions were observed at low temperature with thiol 16. Hydrothiolation reactions of the D-threo-configured glycoside 8 led to a mixture of the C-2-thio and C-3-thio products revealing that the regioselectivity of additions can be modified by changing the configuration of the unsaturated glycosides, and the level of regioselectivity was also found to be controlled by the configuration of the thiols. We have found that the addition occurred with complete axial stereoselectivity at both the C2 and C3 positions, moreover, both the yields and regioselectivity could be effectively increased by cooling. Substitution at C2 position of 9 led to reversed regioselectivity and slightly decreased reactivity, probably due to steric congestion. In this case the stereochemistry of the reaction seems to be unpredictable, addition of α-1-thiomannose occurred with D-gluco selectivity while addition of β-1-thioglucose provided the D-allo configured product.
Changing the glycosidic oxygen to carbon, sulfur and nitrogen profoundly affects the reactivity of the C2-C3 double bond. In the case of the C-allyl glycoside, the lack of anomeric oxygen slightly decreases the reactivity of the terminal double bond and completely inhibits the radical hydrothiolation of the internal one. The S-allyl derivatives are not useful alkenes in thiol-ene reactions, they suffer allyl rearrangement upon hydrothiolation due to the high lability of the forming 1,3-dithio carbon-centered radical intermediate.
The reactivity of the unsaturated N-glycoside 14 and the 2-substituted O-glycoside 9 proved to be highly dependent on the anomeric configuration of the enosides and also on the stereochemistry of thiols.
If only moderate/low yields were observed in the thiol-ene reactions, it was the result of moderate/low conversion of the alkene. In these cases, a disulfide by-product was always formed from the thiol but not in significant amounts, and the unreacted thiol and alkene could be recovered from the reaction mixture.
Our results demonstrate that the photoinduced addition of thiols to 2,3-unsaturated O-glycosides is a mild, atom economic and efficient method for the synthesis of carbohydrate mimetics with diverse regio-and stereoselectivity. Hydrothiolation reactions of N-glycosides are worth further studying because they provide an opportunity to synthesize valuable glycomimetics.
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Ethyl 4,6-di-O-acetyl-3-deoxy-2-S-(2-acetylthioethyl)-2-thio-α-D-arabino-hexopyranoside (19)

Ethyl 4,6-di-O-acetyl-3-deoxy-2-S-(2-hydroxyethyl)-2-thio-α-D-arabino-hexopyranoside
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